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Summary: This paper presented some new data on phytoplankton community in
western of Tonkin Gulf gained from two surveys conducted in October 2003 (dry season) and
August 2004 (rainy season). The phytoplankton samples were collected at 21 stations in dry
season and 32 stations in rainy season at different depths with interval between 10 and 20
meters depending on the certain stations, spreading in the whole western area of Tonkin Gulf.
Among them, there were two temporal (day-night) stations in the first survey and three ones in
the second one which were sampled every 3-4 hours. A total of 278 species belonging to 81
genera, 4 classes of microalgae had been recorded in the western of Tonkin Gulf with the
majority belonging to diatoms (51 genera, 148 species occupied 53.2%), then the
dinoflagellates (28 genera, 125 species, 45%). There were about 26 potentially harmful
species which had been found in the studied area with the most diverse belonged to
dinoflagellates such as Alexandrium (9 species), Dinophysis (5 species). The phytoplankton
diversity index (H") in the area ranged from 1.5 to 5.0 (dry season) and from 0.3 to 5.4 (rainy
season). The total cell densities of phytoplankton varied horizontally and vertically. In
generally, the cell density decreased from the coast to offshore and from the surface layers to
the bottom ones, but inversely at the day-night sampling stations in the north-west coast of the
Gulf. The density in rainy season was higher and fluctuated more strongly than those in dry
season.

Key words: Tonkin Gulf, phytoplankton, harmful microalgae.

I. INTRODUCTION

The first survey on marine environment and resources in Tonkin Gulf had been
carried out during 1960-1965 in the cooperation program between Viet Nam and China.
Since then, there are several surveys that have only taken at some areas of the Gulf. The
national project named "General survey on natural conditions, resources and environment
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of the Tonkin Gulf* (coded: KC09-17) had been carried from 2003 to 2005 in this area.
During the implementation of project, a total of 41 stations spreading on the western side
of the gulf belonging to territorial waters of Viet Nam were investigated. Two main
cruises were conducted in October 2003 (dry season) and August 2004 (rainy season) by
the research vessel named "Marine Research” of the Centre of Marine Meteo-hydrology
(Ministry of Environment and Resources of Viet Nam). There were four main objects had
been studied in Tonkin Gulf included marine meteo-hydrology, marine chemistry, marine
biology, marine geology and geo-physic. Among the marine biology factors, the species
composition and distribution of phytoplankton in Tonkin Gulf had been studied. This
paper presented the main study results on phytoplankton community obtained from two
cruises in October 2003 and August 2004 in the Gulf belonging to branch project coded
KC09-17.01 led by IMER.

Il. MATERIALS AND METHODS

A total of 401 phytoplankton samples collected in Tonkin Gulf were analyzed.
Among them, there were 145 samples (including 117 quantitative and 28 qualitative ones)
collected at 21 stations in October 2003, and 256 samples (199 quantitative and 57
qualitative ones) collected at 32 stations in August 2004.

The phytoplankton samples were collected at 36 stations showed in the Fig. 1. The
qualitative samples were collected by plankton net (mesh size 20 um) by drawing slowly
from the bottom to surface and the quantitative ones collected by Niskin bottle at several
depths with interval from 10-15 m depending on the depth of stations. For each depth, 1L
of sea water was sampled and preserved by natural Lugol's solution.

Identifying phytoplankton species has been undertaken under OLYMPUS BX-51
microscope. Using Calcoflour (MR2) to stain the dinoflagellates and then observe under
fluorescence light. The morphological observation was used to identify species names
based on the references such as: Abé (1967), Balech (1995), Fukuyo et al. (1990), Larsen
et al. (1992), Larsen et al. (2004), Tomas (1997), Taylor (1976), Truong Ngoc An (1993).

Counting the cell density: An amount of 1 mL of sub-samples was taken from a 10
mL (or 20 mL) sample vials, which had been condensed from 1 L of sea water, counted
the number of cells of each species in the Sedgwick-Rafter chamber.
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Figure 1: Location of sampling stations in Tonkin Gulf (October 2003& August 2004)

+ Spatial sampling stations A Temporal (day-night) sampling stations

1. Environmental conditions

I1l. RESULTS AND DISCUSSIONS

The assessment results of water temperature in the Tonkin Gulf during 40 years

showed that the highest temperature of surface water found in September with average
values ranging from 29 to 31°C, the lowest one found in February (ca. 18-20°C). In
generally, the temperature in Tonkin Gulf is rather homogeneous in spatial with the
disparity ca. 1-3°C. The temperature increased gradually from the north to south, and
varied between the coastal and offshore areas about 1-2°C [9]. In August 2004, the lowest
temperature (24.5°C) recorded near the coast (station 6) and the highest one (27.7°C) was
in the southern area (station 39). The temperature fluctuation by interval 10m depth was

less than 2°C (Fig. 2).

34




Temperature (o C) —o— Temperature e - salinity Salinity (ppt)
28 T 33

4 325

2 32

«®
r o oo Py
ooo i ° ®
T o®e Cd ° p
265 | ° X [ 315
26 bd 43
T o e
® —+ 305
255 + L [ ] [ ]
[ ] —+ 30
. °

+ 295
+ 29
1 285

235 + 4 28

23 L + 275

27

Sampling stations

Figure 2: Temperature and salinity in the western of Tonkin Gulf during the survey
in August 2004

The monthly disparity in salinity in the off-shore stations of Tonkin Gulf was ca. 1-2
ppt. The maximum values recorded in January (ca. 31-33 ppt) and minimum one found in
August and September (24-26 ppt). The disparity in salinity in the coastal area was rather
high, ca. 12-15 ppt. The maximum value was up to 27-28 ppt, and lowest one was about 5-
7 ppt. It is obvious that the coastal waters of Tonkin Gulf had been affected strongly by
season [9]. During August 2004, the lowest salinity value recorded in coastal area (surface
layers of stations 25 & 15) and the highest was in the offshore (station 36) with values
about 27-28 ppt and 32.7 ppt respectively. The maximum disparity between surface and
bottom layers was about 4 ppt found at station 15 (Fig.2).

2. Diversity of phytoplankton in the western of Tonkin Gulf

The analyzing results showed that a total of 278 species belonging to 81 genera, 4
classes of microalgae had been recorded in the studied area. Among them, the most
diversity in species were belonged to diatoms- Bacillariophyceae (148 species, 51 genera,
occupied 53.2% in total species), then the dinoflagellates- Dinophyceae included 125
species, 28 genera (45%). Two remain classes (Cyanophyceae and Dictyochophyceae)
occupied only 1.1% and 0.7% respectively (Fig. 3). The number of species found in this
study is nearly equivalent to the results of Viet Nam-China joint survey in 1960 for the
whole Tonkin Gulf, that reported a total of 279 species found including Bacillariophyta
191 species, Pyrrophyta 84 species, Cyanophyta 3 species and Silicoflagellata 1 species
[15]. It is obvious that many dinoflagellates had not been recorded yet in the previous
investigation. The number of diatoms in 1960 in the whole Tonkin Gulf was much more
diversely due to monthly sampling in the larger scale while this study was only taken in
October and August in the western area of the Gulf. Thus, many species of diatom
presenting in different environment conditions had been recorded in 1960. However, the
phytoplankton composition found in this study was much more diversely in comparing
with some investigations such as the Viet Nam-Russia joint survey on fishery resources in

35



Tonkin Gulf during 1960-1961, that recorded 142 sps. in total, including 112 species of
diatoms and 30 species of dinoflagellates found [8]. The monthly survey at the Hai Phong-
Quang Ninh coastal waters carried out during 1971-1972 with 186 species, 61 genera
(including 156 species, 50 genera of diatoms; 28 species, 9 genera of dinoflagellates and 2
genera of cyanobacteria and chlorophytes) were recorded [13]. The above results have
proved that diatoms were the most common group in Tonkin Gulf and the next one
belonged to dinoflagellates.

Since the synthesis of phytoplankton studies in Tonkin Gulf and adjacent areas from
1959 to 2009, Nguyen Hoang Minh et al. (2011) reported that a total of 449 species, 100
genera belonging to 4 classes had been found [10]. It is obvious that the number of species
found in dry season -2003 and rainy season -2004 in the western of Tonkin Gulf was less
diverse and occupied approximately 62%. However, the new findings in the later study is
that we have recorded some new taxa added for the area mainly belonging to
dinoflagellates (such as Alexandrium genus and the species belonging to, and some
species of Prorocentrum etc.) even though the scale of spatial and temporal sampling in
this study was limited in comparing with the previous studies. The reason of this maybe
caused by: we have used the plankton net with mesh size of 20 pm while the ones used in
the past studies were bigger with mesh size from 80-100 um. The majority taxa added in
this study have size of cell were smaller than 50 um. Besides, the using fluorescence
microscope for identifying dinoflagellate species basing on thecal plate arrangement was a
significant enhancement of identification of this group.

The most diversely genera presented in Tonkin Gulf during the surveys in 2003 and
2004 in turn as followings: Ceratium 25 species, Protoperidinium (23 species),
Coscinodiscus and Chaetoceros (17 species for each), Rhizosolenia (15 species),
Dinophysis (13 species), Alexandrium and Gonyaulax (9 species for each), Pleurosigma
and Prorocentrum (8 species for each). The number of species in remains ranged from 1 to
7 species, mainly 1 or 2 species for each genus.

There were 26 species, 10 genera belonging to potentially harmful microalgae group
found in the studied area. Among them, the genus Alexandrium was the most diverse in
species, including 9 species, the followings were Dinophysis (5 species), 4 genera Pseudo-
nitzschia, Trichodesmium, Prorocentrum and Gonyaulax (2 species for each) and the
remains such as Protoceratium, Lingulodinium, Ceratium, Protoperi-dinium found only 1
species for each genus.
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Figure 3: Percentage of phytoplankton groups in the western of Tonkin Gulf in October
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Figure 4: Distribution of species number in Tonkin Gulf in dry season - 2003
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Figure 5: Distribution of species number in Tonkin Gulf in rainy season - 2004

The analyzing results of net haul samples in Tonkin Gulf in dry and rainy seasons
showed that the number of species varied by stations and sampling time (Figs. 4, 5). Indry
season, the number of species ranged from 30 to 70 species. It can be divided into three
categories of species: <30 (1 station), 30+50 (11 stations) and 50+70 (8 stations). In rainy
season, the species number ranged from 17 to 84 species and could be divided into 4
levels: <30 (4 stations); 30+50 (12 stations); 50+70 (13 stations) and >70 (3 stations). It is
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obvious that the diversity of phytoplankton in dry season was more diversely than that in
rainy one in the studied area. There were the different trends of species distribution
between two surveys in Tonkin Gulf as followings: In dry season, except station 10 found
only 22 species, the number of species in the upper area of the gulf was higher than that in
the lower area with 50+70 & 30+50 respectively (except stations 26 & 36 found in turn 52
& 56 species). The trend of species distribution in the studied area in rainy season was
opposite to dry one. It means that the number of species in the lower area was more
diversely than the upper (Fig. 5).

The diversity index (Shannon-Weaver or H' index) of phytoplankton in the study
area ranged seasonally. In dry season, H' index of varied from 1.5 to less than 5.0, but the
main values of H' were in between 2.5 and 4.5 (Fig. 6). In rainy season, this index varied
more widely than those in dry season, ranged from 0.3 to 5.4. However, the H' values
concentrated from 1.0 to 5.0 (Fig. 7).

It suggested that the diversity of species in the upper area of the gulf in August, a
typical time of rainy season in the North Viet Nam, had been affected strong by the river
discharge from several big rivers such as the Red, Thai Binh, Van Uc and Ma rivers, etc.
By vertically, the diversity index of phytoplankton at the 10 m & 20 m depths of spatial
stations are usually higher than that in the surface ones (Figs. 6, 7). The phytoplankton cell
density of surface layer is usually higher than in the deeper that may be the one of main
reasons causing this variation. There were not much different about diversity index among
the sampling times at the same temporal sampling station. The variation trend of this index
is similar to the spatial stations (Figs. 8, 9, 10). The changing of H' index at different
layers during temporal observation were more clearly at the near-shore area such as stns.
1, 2, 3 in rainy season (Figs. 9, 10) than those at the off-shore area (stations 8, 22) in dry
season (Fig. 8). It suggested that the stratification in near-shore area was strongly,
especially in rainy season.
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Figure 6: H' index at the spatial sampling stations in dry season - 2003
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Figure 7: H'index at different depths of spatial stations in rainy season - 2004
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Figure 9: H' index at the day-night sampling stations 1 (A) & 2 (B) in rainy season
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Figure 10: H' index at the temporal station 3 in rainy season - 2004
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3. Distribution of phytoplankton density in the Tonkin Gulf
3.1. Spatial distribution

In generally, the cell densities of phytoplankton at the sampling sites were less than
5x10° cell.I". The cell density in rainy season was higher than that in dry one. The higher
density values were recorded mainly at the near-shore (stationns 15, 24, 25 in dryand 4, 7,
22 & 25 in rainy season). According to Nguyen Hoang Minh et al. (2011), the density of
phytoplankton in Tonkin Gulf varied from 667 to 663,466,000 cellm™ and 5,486,000
cell. m™® in average [10]. It is obvious that the density recorded in dry and rainy seasons in
the western of Tonkin Gulf was equivalent with the previous studies.

The stratification of cell density in depths was more clearly with the higher density
found in the surface layer. The variation of density in depth happened more strongly in
rainy season than those in dry one in the spatial stations. The density variations during
day-night at the temporal sampling stations in dry season were showed in Fig.13, and in
rainy season (Figs. 14, 15). Among them, the distribution of cells at the 10m, 20m & 30 m
depths are usually higher than those at the surface layers in rainy season. It suggested that
the water stratification at the near-shore area (stns. 1, 2, 3) happened strongly during this
period might cause the density fluctuation in depth.

There were the differences of dominant species between two sampling times. In dry
season, the most abundant species belonged to Thalassionema frauenfeldii that dominated
in the central near shore area of the Gulf (stations 15, 21, 22, 24, 25 & 32) with maximum
density about 1.6x10* cell.I" at station 15. This species had been also reported as one of
the most abundant species in October 1960 [15].

In rainy season, there were several species that dominated locally in the studied
area. The most widely species was Trichodesmium erythraeum that dominated at the off-
shore sampling stations from the north to south with highest density of 10%cell.I". The next
was Pseudo-nitzschia spp. that dominated in the southern area of the Gulf including stns.
22, 25, 26, 29 & 33 with maximum density of 5x10% cell.I. According to Chu Van Thuoc
et al. (2009), there were two peaks of Pseudo-nitzschia density found in January 2003 and
October 2002 in Nghe An-Ha Tinh coastal waters [4]. This genus dominated also in
October 2004 with highest density up to 10°cell.I* beside the peak of density recorded in
January and April 2005 in the Red river mouth [3]. It revealed that October was one of the
preferable times for Pseudo-nitzschia growth in Tonkin Gulf. Two other dominants
included Thalassionema frauenfeldii and Chaetoceros spp. had been also found at rather
high density in the southern area. The first one occurred at stations 22, 32 & 33 with
maximum density ca.10? cell.I", the later was at station 22 with density of 2x10%cell.I™,
Some species such as Bacteriastrum hyalinum, Chaetoceros curvisetus, Ch. lorenzianus,
Pseudo-nitzschia spp., Thalassionema frauenfeldii, Th. nitzschoides, Thalassiosira subtilis
had been reported as the dominant species in the year in Tonkin Gulf [10].
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Figure 11: Distribution of cell density at the spatial stations in dry season - 2003
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Figure 12: Distribution of cell density at the spatial stations in rainy season - 2004

3.2. Temporal distribution

The variation of phytoplankton density during day-night was presented in Figs. 13,
14, 15. In generally, the distribution of cell density at the temporal sampling stations was
mainly less than 2x10° cell.I". Normally, the density in the surface layers is usually
increase during the day time and decrease in night time. However, in many cases, the
density in the lower layers such as 10 m, 20 m depths was higher than that in the surface
layer at the same time. The fluctuation of density by time at the stations located near river
mouths (stations 1, 2) happened stronger than the ones those were less affected from rivers
(station 3 for instance).
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4. Distribution of potentially harmful phytoplankton in the western of Tonkin Gulf
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Table 1: Present frequency of potentially harmful algae in the western of Tonkin Gulf

Present frequency (%) in the qualitative samples

No. Taxa Dry s;%soogr; (Oct Rainy season (Aug. 2004)
1 | Pseudo-nitzschia spp. 66.7 25.0
2 | Alexandrium affine Absent 9.4
3 | Alexandrium cf. acatenella Absent 3.1
4 | Alexandrium globosum 4.8 Absent
5 | Alexandrium fraterculus Absent 9.4
6 | Alexandrium leei Absent 21.9
7 | Alexandrium insuetum Absent 21.9
8 | Alexandrium pseudogonyaulax Absent 3.1
9 | Alexandrium tamiyavanichii 4.8 34.4
10 | Alexandrium sp. 4.8 18.8
11 | Dinophysis caudata 28.6 68.8
12 | Dinophysis miles 90.5 75.0
13 | Dinophysis sp. (cf. fortii) Absent 125
14 | Dinophysis rotundata 4.8 43.8
15 | Dinophysis mitra Absent 28.1
16 | Ceratium fusus 47.6 90.6
17 | Gonyaulax polygramma 9.5 65.6
18 | Lingulodinium polyedrum 4.8 6.3
19 | Prorocentrum micans 9.5 28.1
20 | Prorocentrum cf. rhathymum 14.3 125
21 | Protoceratium reticulatum Absent 18.8
22 | Protoperidinium crassipes Absent 65.6
23 | Dictyocha fibula 23.8 56.3
24 | Trichodesmium spp. 81.0 62.5

The analyzing results of net samples collected during two cruises in the studied area
showed that the number of potentially harmful species in rainy season was more diverse
and presented at higher frequency in comparing with those in dry season with 23 & 14
species respectively. Among them, Alexandrium was the most diversely genus in both
cruises, especially in rainy season. The list of species and their present frequency are
showed in Table 1.

Dinophysis miles was the most common species at the sampling sites during the
survey in dry season 2003, the followings were Trichodesmium spp. (cyanobacteria),
Pseudo-nitzschia spp. (diatoms) and Ceratium fusus. In case of Dinophysis miles that had
been reported as the most common dinoflagellates distributed widely in Tonkin Gulf in
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Oct. 1960, though its density was not high [15]. In rainy season 2004, the most popular
species in the studied area belonged to Ceratium fusus, Dinophysis miles, D. caudata,
Protoperidinium crassipes, Gonyaulax polygramma, Trichodesmium spp. and Dictyocha
fibula with their present frequency varied from 60 to 90 percent (Table 1). Regarding to
Alexandrium genus, the A. tamiyavanichii was the most widely distributed species, the
followings were A. leei, A. isuetum and Alexandrium sp.

Regard to the distribution of cell density of potentially harmful species, except some
species belonging to Pseudo-nitzschia and Trichodesmium genera occurred at rather high
density that had been mentioned above. The remains found only in net samples and in
many cases completely absented in the samples collected by Niskin.

IV. CONCLUSION

During the investigations in dry season (Oct. 2003) and rainy season (Aug. 2004), a
total of 278 species, 81 genera, 4 classes of microalgae had been recorded in the western
of Tonkin Gulf with the majority belonging to diatoms (51 genera, 148 species, occupied
53.2%) and dinoflagellates (28 genera, 125 species, 45%).

There were 26 potentially harmful species found in the studied area with the most
diverse belonged to dinoflagellates such as Alexandrium (9 species), Dinophysis (5
species). Dinophysis miles, Trichodesmium spp., Ceratium fusus were the most common
species in both dry and rainy seasons while Pseudo-nitzschia spp. were more popular in
dry season and Dinophysis caudata, Protoperidinium crassipes, Gonyaulax polygramma
and Dictyocha fibula in rainy season.

Diversity index (H' index) of phytoplankton in the study area ranged seasonally. In
dry season, this index varied from 1.5 to less than 5.0, mainly in between 2.5 and 4.5. In
rainy season, this index varied more widely than those in dry season, it ranged from 0.3 to
5.4, mainly from 1.0 to 5.0.

The total cell density of phytoplankton decreased from the coastal to off-shore areas
with the higher values recorded mainly at the near-shore area. The density in rainy season
was higher and fluctuated more strongly than those in dry season. For the density of
potentially harmful species, except Pseudo-nitzschia spp., Trichodesmium spp. occurred
with the densities ranged from a few thousands to more than ten thousands cells per litre.
The species remains found only in net samples, in many cases completely absented in the
samples collected by Niskin bottle.
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MOQT SO DAN LIEU MOI VE PHAN BO THUC VAT PHU DU O TAY VINH BAC BQ
CHU VAN THUQC, NGUY&N THI MINH HUYEN, PHAM THE THU, LE THANH TUNG

TOm tat: Bai bao nay trinh bay mét s6 dan liéu nghién citu méi vé phin bé qudn x&
thue vdt phU du & phia tdy Vinh Bdc B6 ¢6 duwoc tir hai dot khdo sat vao mua kho (thang
10/2003) va mua mua (thang 8/2004). Cac mau TVPD duwoc thu thap o 21 tram (thang
10/2003) va 32 tram (thdang 8/2004) trdi déu trén toan khu vue phia tay Vinh, tai cdc d¢ sdu
khac nhau, véi khodng cdch tir 10-20 m tuy theo tram. Trong do, cé 2 tram thu méu lién tuc
ngay dém trong miia khé va 3 tram trong mia mua, tai cdc tram ndy Cir 3-4 gio thu mau mot
lan. Tong s6 c6 278 lodi, 81 chi va 4 I6p tao d& duoc phat hién ¢ ving nghién citu, phan Ién
thugc vé tdo Silic (51 chi, 148 10ai, chiém 53,2%), tiép dé 1a tao Gidp (28 chi, 125 loai - 45%).
Khodng 26 loai tdo c6 kha nang gdy hai da duoc ghi nhdn ¢ vung nghién ciu, trong dé da
dang nhdt Ia cac chi Alexandrium (9 loai), Dinophysis (5 loai). Chi s6 da dang loai H' ciia
TVPD ¢ ving nghién citu dao déng tir 1,5 dén 5,0 (miia khé) va 0,3 dén 5,4 (mia mwa). Mat
dé té bao TVPD bién ddng theo mdt réng va theo cot nude. Nhin chung,mdt dé té bao giam
ddan tir bo ra khoi, tir mat xuong dday nhung tai cdc tram thu mdau ngay dém & ven bo tdy bdc
Vinh ¢é xu thé nguoc lai. Mdt do té bdo trong mua mua cao hon va bién dong manh hon mua

kho.
Ngay nhgn bai: 28 - 10 - 2011
Nguwoi nhin xét: PGS. TS. D6 Cong Thung
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